The GRADE system provides a framework for evaluating how risk of bias, publication bias, imprecision, inconsistency, and indirectness may reduce confidence in estimates of relative effects of interventions on outcomes. However, GRADE and all other systems for rating confidence in effect estimates do not fully address uncertainty in baseline risk and its impact on confidence in absolute estimates of treatment effect. In this article the authors examine factors that may reduce confidence in estimates of baseline risk and thus estimates of absolute treatment benefit 
The GRADE system provides a framework for assessing confidence in estimates of the effect ("quality of evidence") of alternative management strategies on outcomes that are important to patients. [1] [2] [3] [4] [5] [6] The GRADE system includes consideration of risk of bias, publication bias, imprecision, inconsistency, and indirectness and their impact on confidence in estimates of benefits and harms. The evaluation of each of these issues has, thus far, focused almost exclusively on their potential impact on estimates of relative effect. Because, in most instances, estimates of relative effect of a therapy are similar across different baseline risks, one can apply these relative estimates to the best estimates of overall baseline risk or, if available, estimates from subgroups that differ in baseline risk.
Using the GRADE approach, guideline panellists multiply the best estimate of relative effect by the best available estimate of baseline risk to obtain an estimate of absolute effect (see box). Limitations of the evidence with respect to risk of bias, publication bias, imprecision, inconsistency, or indirectness may reduce confidence in estimates of the relative risk reduction and affect the strength of guideline recommendations.
As with estimates of relative effect, the quality of evidence supporting estimates of baseline risk can vary. At present, GRADE-and all other systems that address confidence in estimates of treatment effect-fails to fully explore issues of confidence in estimates of baseline risk. Nor do these systems incorporate the 95% confidence interval of a baseline risk estimate when deriving their absolute risk estimates. Thus, evaluating uncertainty in baseline risk, and its impact on confidence in absolute estimates of treatment effect, remains an important outstanding issue.
We suggest that the domains currently used in GRADE (risk of bias, publication bias, imprecision, inconsistency, and indirectness) can also help to understand issues of confidence in baseline risk estimates. In this article we use examples from the Antithrombotic Therapy and Prevention of Thrombosis, 9th edition (AT9) to examine how these issues may influence
Estimates of absolute effect
When patients and clinicians are trading off desirable and undesirable consequences of an intervention they require estimates of absolute effect. For instance, patients with atrial fibrillation need to trade off risk of strokes versus risk of major bleeding, and they need to know how many strokes anticoagulation will prevent, and how many strokes it will cause. This is best done by applying estimates of relative effect to estimates of baseline risk, such as by means of the CHADS 2 scoring system:
Scenario 1
Patients with a CHADS 2 score of 1 have a yearly risk of stroke of about 22 per 1000
The relative risk of stroke in patients receiving warfarin is 0.34 Therefore the risk of stroke in treated patients is 22×0.34 per 1000 = 7 per 1000 Thus, the absolute reduction in risk is 22−7 = 15 per 1000
Scenario 2
Patients whose CHADS 2 score is 2 have a yearly risk of stroke of about 45 per 1000
The relative risk of stroke in patients receiving warfarin is also 0.34 in this group Therefore the risk of stroke in treated patients is 45×0.34 per 1000 = 15 per 1000 Thus, the absolute reduction in risk is 45−15 = 30 per 1000 estimates of baseline risk and the subsequent impact on derived estimates of absolute effect.
Risk of bias
In addressing treatment effects, evidence from observational studies generally warrants lower confidence than evidence from randomised controlled trials. However, community based or population based observational studies can provide better estimates of the baseline risk associated with a given clinical condition than randomised controlled trials, which often enrol highly selected populations. This will be true, however, only if the relevant observational studies are at low risk of bias in ascertaining event rates.
In the AT9 guidelines addressing atrial fibrillation, 7 the panellists derived baseline risk estimates of non-fatal stroke for patients with atrial fibrillation from pooled event rates in the control arms of six randomised controlled trials conducted in the early 1990s. 8 The panellists acknowledged limitations in these estimates, including the fact that the trials enrolled less than 10% of patients screened. In addition, the authors noted that more recent data from a large administrative database including a broader spectrum of patients suggested lower rates of non-fatal thromboembolism in untreated patients (4.2 v 2.1 per 100 patient years). 9 These lower rates may be more reflective of event rates in the current era and would make an important difference in the estimated absolute risk reduction (that is, a more modest effect) associated with anticoagulation in this class of patients.
The panel chose, however, to rely on the trial data because of concern that the lower estimate of stroke derived from the large administrative database reflected under-ascertainment of stroke (that is, a high risk of bias).
Publication bias
Relative risk estimates for the impact of a therapeutic strategy in relation to a comparator on a target outcome are ideally drawn from a systematic review of relevant studies. These estimates are biased if the included studies are unrepresentative because of preferential publication of studies favouring a stronger or weaker effect. 10 11 In GRADE, systematic review and guideline authors may rate down their confidence in effect estimates if they believe publication bias is likely. 12 Publication bias may similarly affect estimates of baseline risk. Ideally, systematic reviews of large observational studies including a representative sample of the target population will inform estimates of baseline risk. However, observational studies reporting higher undesirable event rates may be less likely to be published than studies reporting lower event rates. This may be particularly true for surgical series, in which surgeons experiencing a higher rate of adverse events than their colleagues may be reluctant to display their less enviable record to the surgical world.
Imprecision
Examination of 95% confidence intervals for estimates of absolute effects provides the optimal approach to determine precision of the estimate. 13 For practice guidelines, rating down the confidence in absolute estimates of effect is warranted if clinical action would differ if the upper versus the lower boundary of the confidence interval represented the truth.
Imprecision in estimates of baseline risk will affect the derived absolute effect of a given therapy. The AT9 guidelines suggest venous thromboprophylaxis with low dose, low molecular weight heparin (LMWH) for women undergoing assisted reproduction who develop severe ovarian hyperstimulation syndrome. 14 The authors estimate that use of low dose LMWH will prevent 26 venous thromboembolic events (95% confidence interval 13 to 42) per 1000 patients treated. Their estimate comes from applying indirect evidence of the relative risk reduction associated with low dose LMWH from existing surgical literature (relative risk 0.36 (95% confidence interval 0.20 to 0.67)) to a baseline venous thromboembolic event rate of 4.1%. The quality of evidence for the resulting recommendation was rated down for indirectness (relative risk estimate derived from a general surgical population).
This baseline risk of 4.1% was, however, derived from a sample of just 49 patients with severe ovarian hyperstimulation syndrome from a cohort of 2748 cycles of assisted reproduction therapy. 15 The 95% confidence interval around the 4.1% point estimate is 1.1% to 13.7%. Therefore, depending on selection of baseline risk (and multiplying by the 95% confidence interval of the relative risk reduction), use of low dose LMWH in such patients may result in as few as four events prevented to as many as 110 events prevented per 1000 treated. The lower estimate of four events per 1000 treated would make any recommendation for thromboprophylaxis in this population far less attractive than the latter. Such imprecision is likely to arise in rare conditions.
Inconsistency
In GRADE, confidence in estimates of effect from a body of evidence may be rated down if the magnitude of treatment effect varies substantially across relevant studies. 16 Inconsistency may In the chapter of the AT9 guidelines addressing prophylaxis for venous thromboembolism in surgical patients, the authors suggest an average risk of 2.1% for venous thromboembolism in patients undergoing craniotomy and suggest use of lower extremity external compression devices as prophylaxis. 17 This risk estimate was derived from a pooled estimate of event rates observed in eight studies providing event rates in neurosurgical patients using external compression devices. 18 Based on this estimate, and multiplying by a relative risk estimate of 0.56, the authors calculated that use of LMWH instead of external compression devices would prevent nine non-fatal symptomatic venous thromboembolic events per 1000 patients treated. Using a similar approach, they calculated that LMWH will cause 11 more non-fatal intracranial bleeds. Based on these estimates of absolute benefit and harm, they provided a weak recommendation for mechanical prophylaxis over LMWH for venous thromboembolism.
The venous thromboembolic event rates in the included studies varied from 0% to 10%. This inconsistency decreases our confidence in the baseline risk estimates and consequently in the recommendation. If true venous thromboembolic event rates are closer to 10% despite use of external compression devices, LMWH would prevent 44 non-fatal venous thromboembolic events per 1000 treated. Based on this estimate of absolute effect, it is less clear which prophylactic strategy should be recommended.
Indirectness
Direct evidence in the GRADE framework includes studies that have enrolled the populations of interest, delivered the intervention in the manner of interest, and measured the outcomes important to patients over the time frame of interest. 19 A guideline panel will have concerns about indirectness when the population, intervention, or outcome differs from those in which they are interested-what one might otherwise call limitations of applicability.
The evidence supporting a baseline risk estimate can also be indirect. This occurs when baseline risk estimates are derived from a population that differs significantly from the population to whom the resulting guidelines are directed. Given the lack of high quality evidence documenting outcome event rates for specific disease states in community settings, estimates of baseline risks for outcome events are often derived from event rates in the control arms of randomised controlled trials. In general, patients enrolled in such trials are younger, have less comorbidity, and have better outcomes than patients encountered in clinical practice. Therefore, application of relative risk estimates for a given intervention to a baseline risk rate derived from a randomised controlled trial may underestimate both the absolute benefits and harms associated with that intervention in the community setting.
Indirectness may also lead to overestimates of absolute effects. As discussed above, baseline risk estimates of non-fatal stroke for patients with atrial fibrillation in the AT9 guidelines were derived from the pooled event rates in the control arms of six randomised controlled trials comparing warfarin with aspirin in the early 1990s. 2 For CHADS 2 (stroke risk) scores of 0, 1, 2, and 3-6, respectively, baseline event rates of 0.8%, 2.2%, 4.5%, and 9.6% per year were used to generate estimates of absolute benefit with warfarin. Rates of non-fatal thromboembolism in untreated patients were significantly lower in a more current and representative population than seen in the older trials (for CHADS 2 scores of 0, 1, 2, 3, and 4-6, respectively, absolute event rates of 0.4%, 1.2%, 2.5%, 3.9%, and 6.3% were reported). 9 Use of the estimates from the more current observational database would have resulted in a substantial decrease in the calculated absolute benefit of warfarin over one year. For example, using the baseline risk estimates from the older trials, warfarin use is predicted to prevent 30 non-fatal strokes per 1000 (95% confidence interval 23 to 35 strokes prevented) in patients with a CHADS 2 score of 2. With the lower baseline risk estimates, however, the absolute benefit of warfarin decreases-resulting in prevention of only 16 (13 to 19) non-fatal thromboembolic events per 1000 treated. Similarly, absolute benefit for patients with a CHADS 2 score of 1 would have declined from 15 (11 to 17) fewer events to eight (6 to 9) fewer events without a change in estimated harm due to bleeding. These revised absolute benefits would potentially alter recommendations-possibly changing the direction of the recommendation for warfarin in patients with a CHADS 2 score of 1 and reducing the strength of the recommendation from strong to weak for warfarin over aspirin in patients with a CHADS 2 score of 2.
Discussion
Adopted by over 60 groups worldwide, the GRADE approach represents an important innovation in interpreting evidence from systematic reviews, health technology assessments, and clinical practice guidelines. At present, the approach focuses on evaluating confidence in estimates in the relative effect of one treatment strategy over another, and then-in most cases-assuming that this confidence also applies to estimates of absolute effects. Estimates of baseline risks, however, directly affect estimates of absolute risks and benefits of a treatment. We suggest that the confidence in estimates of baseline risks is subject to the same issues as evidence for relative effects of a treatment strategy.
To date guidelines have rarely considered issues of baseline risk. As our examples illustrate, GRADE's structure can be usefully adapted to better understand issues regarding confidence in baseline risk.
This discussion has only illustrated the problem. We are not yet ready to offer specific guidance on how to rate down confidence in estimates of baseline risk. As with other methodological problems previously encountered, a great deal of work studying specific examples needs to be done before we can offer concrete solutions. This article represents a first step in this process.
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Summary box
Uncertainty in baseline risk estimates and its impact on confidence in absolute estimates of treatment effect are not adequately evaluated in systems of judging confidence in estimates of treatment effect-including GRADE Risk of bias, publication bias, imprecision, inconsistency, and indirectness can affect confidence in estimates of baseline risk and subsequently confidence in derived estimates of absolute effect of diagnostic and treatment modalities GRADE's structure can be easily and effectively adapted to better understand issues regarding confidence in baseline risk. Concerns can be categorised into one or more of the same domains used by GRADE to evaluate evidence supporting a relative risk estimate of Thrombosis, 9th edition, but this manuscript is not submitted on behalf of either group.
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